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The srewent paper deveriber the welection of rock matevials for wie by the Barean of
Mines in ity extraterrestriad resource wtilization studies which aze designed to simulste the
range of maseriale Rkely 10 be found an the Moow. It imdedes preliminary resqlts of the
meararement of the engineering propertics of these matetialle.

INTRODUTTION

Oue of the first problems facing the Burean
of Mice: in 1965 im its NASAsponsored pro-
gram of providing the basie seientific and engi-
euing knowledge for extraterrestrial mining
ansd processing was the selection of representa-
dve materigls (refs. 1 and 2).
mlthﬁsﬂmdbmﬂhmth

then cuttain dements Bke O, 5i. A}, Na, Ca, Fe.
Mg, ﬂﬁwhmn&m
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sibeates followed from what i knewn -bnnl
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in the
solar sysiemn.
We il koo very Ettle adout how the
verives dynamic processes such o mountsin
buildicy. westhering, volrunism. and meteorite
mmpect chanige the erwstal rocks en other
planets. These proresses may affevt the rocks
im ways unfamiliar to ws; 0y Ky operate to
o different degree or oot ot sl A good exa-

ple ca the Moon would be the lack of weathetring
& we know it on the Eaxrth. The sheenwe of

mdxdtitytmlﬁm lfm-lmny
in the form of meuntair-buikliog forces i
Emited snd ercsion of the rocks is minimal, it
is unlikely that the deeper intrusive rocks, hike
granite, are widely esposed.

Most of the controversy about the Moon
blnewdmth;xoﬂndthuiindth

s tree, thnth-msypuolum-lnm
conrerned with in the maria sre the rubble
k - )
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pﬂmdbvmmnndmbor&mmd
material of volesnic origin. The rubble will
probubly conriit of teworked voleanic apd
meteositic =atsisl In say case. velcanic
rocks must receive consideruble attention. not
only becuuse thex appear to be quite wide-
spraud cn the Mooa. but also becanse a volranie
tamain is bkely to provide mere uwsable re-
soarces than deoes an impuct termain Green.
in referenee 3. says:

Voianic tevain offers moee shefter, mwre wmefad
minerals and roéhs, move sibsaface Beat, and moee
water than sn impaeted ooe. Therefore, to whateser

diegree the himas suxface i voleanie, we oups seek out
voleanie areds om the Moon Beesnwe thuat fc wheee the

sagvival advantagrs B

We wish to thank the following individmals
and organizations for their assistance in making
the collection of this suite of simulated kunar
materials poashle: E Grob. N. Peterson.
L. Rawp sod H. Dole of the Oregun Siate
Department of Gevlogy and Mineral In-
dustries: G. Oukeshott of the California Siate
Division of Mines and Geology : R Hogberg of
the Minnesota State Geological Sarver:
J. Green of McDonnell Douglas Aireraft Co;
W. Kennedy. Supcrintendent. Natiwoal Park
Service, Lava Beds Natikasl Monument;
W. Miller of the Central Orerva Pumice Cov;
the US. Forest Servire: the Oregua State
Highway Depurtment: the Hanna Nickel Min-
mg Co; and the Chamber of Commerce.
Beud, Greg.
of the Rock Physiee. Thermal Fragmeniation.
Chwmics] Fragmentaiion. Hydraohe Fragmen-
tation. and Mechaniril Fragmentation Labors-
tories at the Bareua of Mine: Twin Cities
Mining Eesearch Center. Petngraphic and
chémiral snalyses of the sx rocks sdected by
Green were made by perwnnei of North
Ameriran Aviation Uo.  The other neks were
snalyzed by persoune of the Petrographic and
Chemiral Laboratosies at the Barean of Mines
Twim Cities Metall .rex Resewrvh Center.

SELECTION OF SIMULATED LUNAR
ROCES

It s appurent inat the volesnic roeks forsred
o Earth may be wsed to simulate such rcks

EXTRATERRESTRIAL RESOURCES

ou the Mown. Consequently. we have chosen
these rwks for our research to assure that we
cover the range of phyvical and chemiral
properties thit are hikely te be found on ihe
hunar surface. As we lam mire about the
Moo, we can concentnate on thise rocks which
are mere representative of are of particular in-
terest. The recent chemical analyses of the
lunar surfare performed by Survesor V and
Sarvevor VI, which indicated] a composition
similar (o tervestrial basalts, provide sdditional
eonfidenve in wsing voleanic nock: in our stadies.

In choxing a source for volcanic material.
we tumed to the large arens of volcanism in
Oregen snd northern California. Green had
already selected six rocks from this region for
Iunar research. and bas work has been of con-
sidevable vulue to our program iref. ). His
criteria for selecting the speeific rocks wese:
(1} thex should be representative of pussible
lunar rocks; (2! they should have the specific
charscieristics pecded for the particular re-
seirch to be performed; (3) they should come
from an ~aterop uniform in composition and
texture; and (4) sumples should be convenient
to collect in sufficient quantity for the research
te be performed.

Using these criteriz s« a guide, Green selected
these rocks: a tholditic basalt, te simulate rock
from large busali flows such &« miaght be found
in the maria (tholeiitic basalt was chosen be-
canse low-pressure envircaments might faver
their evolution cn the Moon); a semiwelded
tufll. in case the maria are filled with ssh flows:
an obsidian. to simulate rock from a Sow of
quickly chilled shyolitic lava: an sltered
rhyvlite. to represent » hydrthermally altered
Mn!mmnh@mawm
and. finally. two mtresive m rocks. a
serpeatine (serpemtimite’ for its high water
content and to allow for an wltramafic Moon
or & Moon with comsiderable irou and mag-
resium in its compusition. and » granodinrite.
to represent a deep-seated rock oxpoced on the
Inmar surface. X metensitic material was in-
chnded becanse of the dificaliy of obtaining
bulk quantities.

In choosing onar suite of ssmnlated hanar sea-
terials. we decided to inchede all of 1he rocks
selocted by Greem Our research program.



however. rejuired a broader range of rocks to
sssure that our fundemental wuek on material
properties and bebavior will be adequate. For
this reason we have added the following vol-

canic rocks: & rhyolite. »aﬁmgmmedmm-
sive silicie rocd' .admte, to simulate an extrgsive
rock of compusition intermediate betwren
rhyolite and basilt; a pumice; and three vesir-
ular busalts with diffevent size vesicles. to allow
for the very Hliely possibility of vesiular rocks
on the Moon.

We have akso included & gubbra. to simulate
a coarse-grained basic intrusive. and a dunite.
in the event that the Moon has a composition
similar to choadritic metevrites or to the Earth's
mantle. Like Green. we made oo attempt to
collect metéoritic material bernnse of the need
for large quantities. The 14 figures in appendix
A are photographs of hand specimens and photo-
micrographs of all the rocks mentioned. Petro-
gup!nr descriptions and chemicai analyses are
given in appendixes A and B. msperm-elw.
For completeness. Green's petrographic de-
scriptioas and chemical analyses have also been
incloded iref. 4)-

Orber rocks may later be added to vur saite
of simulated lhinar resterials. We intend o
lock at the problein of shock metamorphism i
natural materials, such ss that associated with
impac: cruters (vef. 5. We ako intend to
look at the problem of obtaining lsrger and
move uniform vesicles by anificially frothing
besalts or obuilians wref. 6). The Moon's
lower gravity and lack of stmosphere suggests
that nuclention of the gas bubbles within lunar
lavas occurs st grenter depihs than on Earth.
As the bubbles rise teward the surface. they
expand at & repidiy waressing rute to form
correspondlingly largez vesicles s+ the lava cools.
The effect of vesicle siae on the engineering
properties of the lunir socks willl be an im-
ponant consaderatinn.

PHOPERTIES OF SIMULATED LUNAR
ROCKS
The samnlated lunat roeks are being wved in
their unfregmunted fiem to represent a bed-

rock Icvar sarfece. end im o fragmented and
pulverized form. tn repeesent rubble -wrface.

Each of these situstions reises particular prob-
lems with respeet to extrertion and processing
of the rocks.  In the former case. problems of
rock fragmentation are paramount. In the
latter. material-handiing problems are moge
important. In boih cases we are concerned
with physical and chemical composition. surface
ties. thermid propertits, electrical snd mag-
peiic prozerties, and explosive shock properties.
In ordzr to show the range of peoperty values
reprvsented by the materials we have selected.
average values for some of the properties that
bave been mensured on core and block speci-
mess of rhe rocks are given in table 1. These
data are prefiminery and may be modified by
alditional work whirh will tske into account
the anisotropy that is charactevistic of most of
the rocks as ael as refpemcents in measure-
ment and analysis. Finel results and deserip-
tivns of expetimental techmiques will be
reposied by the individua! researchers of the
Burean of Mines Twin Cities Minirg Research
Ceuter.

All of the properties shosn in the table other
than the coeflicient of rock strengt’s were mess-
wed by common haboratory methods. This
stzength messuremeat is a simple test of the
energy involved in bresking a wait volume of
rock toaviven size. It is perfonaed by plading
a specinen in a tube. dropping a standard
weight from s standard beiph:. and messuring
the volume of material thet is produced below
a standard size. The table Wllustrates the
broed range of property values covered by the
simulated lunar materfals. At the low-density.
low-strength, and low-hardness end of the scale.
this range exteds beyond that wsaslly em-
countered in mining problems oo Earth.

The group of rocks we ure using i= primanty
composed of voleanie rocks. although we hive
included some rocks which may be expected to
form at depth. e have included imtrasive.
aside from sliowing for the possibility of their
being exposed om the Moon's susface. in order
to peovide a broader range of materials for the
wse o) other research groups. Alllnnngbhpm
years we bave worked with many intrasive
mmmtksanddso.ﬂmphndﬁdb
mentary rocks amocimted with minmg and
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SIMULATED LUNAR “OCKE ri']

qQuarTYing vperetions, ue have done Eule re-
searvh on volranic rocks prov to the peesent
peogram for NASA.

The present selection of rocks sepresents »
range of Lthologies and textures that we hipe
will appen]l to other orpunizations sequining
simulated lunar materials. We believe that it

b very desirable for all groups doing reseasch -

related to hanar resourve wiillization to we the
same rocks in order (o facilitate compurison of
their results. A pumber of crpanizativns ere
already wsing some of these roeks.  The Buresan
of Mines is providing samples of the rocks, on
request, te ary group doing research related to
cur prograin.  We can provide quantities up to
seteral pounds of any of the materials we have
on hand. end we cun wsually provide the ma-
terial in a form that will satisfy particular
requiremnents.
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APPENDIX A PETROGRAPHY OF
SIMULATED LUNAR KOCRS

The petrography of the sisvkated Raxad rOCks in givew
i e folbowing eathas.  Analywy of reks T o VI
were mad by 3. Keoncdy,  iSve pef. 30 Analvees of

eacks VB8 0o NIV were guwie by M. Bouchsr.

f By Twonamooe

A Mscrowopit:
3. Coler.—Y0wik.
2 Testure -~ Nphanitic.
X Srucure.-—Masive andsmaar
4. Fuld nany. - Baralr
B Miersweopic:

) Testurs. — Murocsystalline penbabiy desetibes g
vestuse bew beviioe both glas and erxatale arv
proseny.  Hooeser, the  interdtitiol gl I
chacged wilh misrobses of magnetite and plagios

elge which wispost o brabapiitic textnee 6o the
matny sazeniol  Oudy 1w kitge phenorryats of
plagimbive were faund widllin: the sections anae
Brard, bt Shern e drnuvls 1o generations: of
yhpoeliiw prvent.  Most of the evvatale azv
webhedeal in forae with (e erorpiom of the alifer
wurnatnn plagociose whackh Mave rrestmaats aud
raneied corners wbieh inadiciutv pugtiod sraopiois.
. Sbrurturd. —The speetnum of gran sise x nst
widis oxeept for that of the mmrroliter found n
e mateiv ghaw.  The obder grasvation plagio-
rhioe: are (he hogess evystale and averuge A 33
millir-eter i kgl snd .05 milbmertes in wicilh.
Tl cders 000 imolude the phrenicty st mentidned:
shovy.  ‘The rest huguh ery stalc are 1w second-
sraceation phugiockwe which avveag: O 00 sl
meter i Bogth and QU2 milliserter i width.
T angite and ok e grsias azv appraumately
ke samae sir with the Coomice averaging RGS
i limeter in diometcr and the Batiter, O 028 wmille-

(14

s divgrrte wmnticirs.
Einvotind misevnls: m
V. Plsglockee Ang 20d s, -
L Owime . 233
I Augite. .. w3
Atcemouy minerals snd gl Contant

perent

). Plagicchee micvolites. . | b4
g3 Mﬂm Qmmﬂmn-)*ndhme S
o Gheew.. 2
4. Ohlogihe. . ... ... e raemeriaaaan |
3 Quarts (very staall mchnions in phagin-

) . e |
& Apatit: .- <1k
T. Bpiiste.. . . <t

Nwmﬁmtmhrmm

¢ Plagroction. — NaANGOy: CallSiaOr,
(v General.—Two yencmtions of well-developed
eyniad of plaginclee are privent aloog with
wedliike plagiochsr microlites, which eceur
i the grouadmige glaw.  The okiir groeration
ecystals appead to b beeeviated phemderysis
Larg: plicncerysty must have existed in the

megma pridy to Bew. Dusing the fow proeres
these: were brolien snd shatireed and mow

mot of the eryvial buitg appronimatels An.
Revi rowe soning s proctimently dioplayed, with
the greatesi Na swlreudr draeity arcuiting w
‘e imtebive adjarent to (e twin phaaes sod
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becoming mery buvic tewwrd the margins of the
eryntal

The Matvr, o youngest, crystals show the
prserer oferr. Tein plasis aste sharp sad
dstiast with 3 <mall ancmt of sorasd soning
prewent. Thr comrpowition ratges froms Ang-s
b thr exterior margios bwing the more
akakeoe. Crystalizatvm wos wmeh Ester in the
megmatic histocy thaa s the enslicr former
pingiotiaw asad enthadercviation s w0t dn
impertant featire o is s with the older groera-
s plaginclae.

(3 Crystal Svclopmant. —Crsstal fares of the
slder groeratim plagiociace are will desvioped
W3 show reonding sad corroded boumdazies
aldjpeent to matrix materinl When other
crvntal such as oliviwe, pyruseor, and magnetite
arv found in contart with the older plagiociave,
s welldevebped shwp btoundary s formed
between ibetwominerals.  Frartures, splinteriad,

othe? erystak. The boundaries are sharp aad
wel defined Separation abog twin hawilae
ﬂ_ﬁmdm-ﬂmuvmm

(c)‘!m—.\—lnmhmnhgm
lamelicr sepanitions is the oider groeralion
plagiociase. Theve have beem téntatively ideati-
Sed a5 epidote and arv probubly an alteration
poodiuet of thr older plagiociae The youmger
rreeratios phatiockse dovs 206 show thie feature
s say olher froture indicatiog alteration.

() Inclumens.—Several small inchmsions are
tentatively beea identified »s epidote, quazta, or
spatite. The inclasicns oreus as saall round
ar sightly clomgate globales, the lrgest being
about K012 miliaeter hag and Q00T milimeter
wide. The inchaiions are a primary feature of the
Olirine. — TS\ . MgSiO\.

(0) Generel ~Ohviar ogeurs s small eubedral
o sabbrdral eryrial occupying the interstiors
Setween plagiochre laths slomg with sngite,
ave, snd magictite (itmenite). In gemeral, the
syrtals arr smalirr than theee of angite bas
lazger thaa thr largent megnelitr graims. Nomwe
eryrtale show bevad twin Haes, Db theer sy
relatiaely earv.

B Cryetal developmant. — The evy<tale are pastls -

rubwdral and show tspical oliviar suibar, Good
fary dreehipment amaind plagioriere. augite,
sad magneiine i comame. In the weting where
i s forund ia sudhedral form it in prebubly caned
b separation alomg isreguinr fractures rather
thaz posr deveiopment. It is cobwiem i thin
seetinn bat stands out preminently becawse of it
high rebref and strong birefringrarce.

»

e} Alterstion.—In groerad, the olivine & (a-
altered, bat in rare encds smpll patohes of chiorite
develop along «ome margins. A single instaner
aas forund of a enbedral erystal of olivine that
was ccmpletely alteecd to ehorite.

1) Inelunons. —lnebrions arv practically abreat
in e dlivine. Howeves, eceacionally it appear
19 cuntain smaall magurtic grains.

tugte —(Ca, Me, Fe**, Fe'~, Ti, AP, S5, Al O
(@) trenecal.— Nugite i dintinglished from oliviee
by i« bt birefringaee and ite cbeavage.
Thae features were aed t> whratify or separate
agite from olivine dunng the poiat-count
peocedire.

(B Crystal dirvelopment. —Q'rs~tal facvs are, o
gracral. pooely developed, but eudhdral crystake
are present. In the care where glaws v the <yre
muadiog mediam, evystals are bist dievebaped.
It augite i developed adjacent o olivier, the
alivime deforms the sigite to follow the shape of
the olivine crystdd The <ame s true o ome
of the larger coxstals of magnetite (idmeniter.
(¢} Alwration.—In rire casee angite s wvn to
be sBghily altered to swerpentine(?:. This is
espevially tror whra suxite has coms o close
prozimity to fragmeats of chlorite which eoatain

plagiockase.

(dy Incissions.—>mall cubvdval crystals of ape-
tite are sometioees found i the luger augite
erystalt. This seems to be espreially true when
the angite oceurs as a cubediral crystal of larger
than average size. A few Rarge sugite crystaks
were obierved Thewe were corruded to saeh
a degree 1hat auly vestigial outlines were present.
MNeognutits (Dnenidy or ore ninerals) —Fes"Fed Oy
FeTiO:

(¢} Crystal divdopucint.—Magnetide eccurs n
theee forms: (1) 65 for irregular voids, (2) cule-
dral ciystake, oad (3 micvolites. The isveguiar
mawes sceur st generilly whers these is the
greatest conerntration of ether crystals. AR
ecrystale wem 10 deforma maguetite, aad its
areguiar natuze imdicates it emrtned in the katet
Howeser, woir of the larger

augite.
well-developed mictolitrs acewr in the sacey
matrizs meterial and d: vot coutret other min-
erals. Becane of the large microlites sad the
greeninh tigy: surroundiag (e graine of eag-
nctite, thr graiae may br ilmeuite & Wmany
cares. probudly there s 2 mittuiv of both
ilmraite sad magnetite.

(3 tieration —Noae preent.  lematite oug-
rounding the orr minerale s concpicuens be-
conre of s abwrner.  Lack of magnetite altrra-
tive indivat~ the fock in fred

(et Juilutions. — Nome appacret.
Chioriy . — MaS A (O,

(@ General -—Naomt of the chiesite found m the



sectivas of basalt cxvwe s fragmeats rather than
sins.  Thes fragments consint of suly chierite

sh elteration predact.
() Inclusions. —Large plagociase cvirtals dr-
ntihdm

@) M—mﬁnmdam-nm

I Ssmvnooe Torr

A Macrosewpic:
t. Colr.—Light Wweun mattied with reddish-

m.svﬁsﬁdb-ﬁm
3 Svuctwe.—Geaerdly smwive with cloagaled
having s preferred evirniation.  These
ste sabparaliel but do net form definite bedding

i

almwt impaipable. shghtly sewiculnr glare dost
VAteckartw,” @0 owd tx I H Williame, »

planes. the Werm that et wraels doeridws the Jiatrin
& Fisld sarsi.—Lapill wull. extuge.

3. Gerierél clasrvations. —Fragraente grester thax 4 mmwm-“mmw-

millimicters in dameter bui leme thea X2 milki-
> damrter maabe wy uore than 23 per-
of the total rock mase Therefare, the
was sssigeed to the reck typa.
rock i» mere convelidated then

1
3}

tk.dulu‘hawbhir_
Micrescepic:
). Teartwre.—The misrescopic textare = dvided

imte parte shich depend oi the portns of the
thin wction being eswvained.  The diviviens are:
matra. pumice lapifd, Zece vitrophyte lapills.
welded-tufl lagilli. 204 orysal fragmenta.

@) Metriz ~The matric comsinte of
arceste glam shards, sozaded ash pertiches,
csmmncnal dropirte of clany brown glam, sod 6
aat’snal pesiites, o cemented together sith an

connriot of a bighly srewrniar Yrvun Gt glae
The vevichs arv sa2wbls in wav and dramity bath
wrhin & particuinr fragmrat sad from fragmras
to tragment. (o wrwrval. th; vesegire atv round
o sphevical. thee o, $spocal of pumicrens Irxtare,
16) Dacwe ritrephyrs iapeih Msturs —The dacwtc
-mmmduwm«

Mth...... arx found 6od small vesiclee ase
common
W) Wadei-a0f lapmih fsture~The weided-tull
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tinumes theveds of brewn dusty glaee  Mure-
srapee srsigire afr amerown and alv \a grieeal
ol tna types 110 bomg thin rutradrd Srvick~
aiurh aerur within the thevads and <3 almond-
shaprd sessckn whirh oreur wtueen thivads
Flattening of sl pafisdrs v vty cvdent
s whett theys aeyue o doetric nats  n
rarrl, aoh pertwebe havv twen  campdetris
fwd and parinte basndndive afr Bat ry et

61 faciwind crymale. — The wchodrd ervvtale
arews o wdsrvadioal fragmrats salung wpr past
of the matny material with the curvploon of thr
pabacian plienacry s ta which aceve in thr danitr
sittophyrr. The erywial bowadanc arv chewsr
and sharp and evyial facrs arv rammen.  Hlow-

uee, some couBdag has taken place, coprrially

whrer farrs teraret 1o form cormwis  The edigr
barr brem rewded amay, presamatly by abrasive
ortoom of wh partitiie  That s sugeetrd. rather
than magmate resarptinn. breawn cach. cvy=tal
fragmeret = stronadrd by & chrar gare tind
which mdicate vers fapid coshne. The bt

[

Mown dusty glase, whith o slightly tiocky an
the endn, br paralilcd 10 anr anatbrr.  Theee
thivads arv drefvcted aromad vrew e and almand-
shpped aoh partichy Tha fissn @ grothe wavy
spgrarance to the Largtion. The oittcturc o a
whkde o someuhat rytatile i satumr.

tc) facloded crputnte.  The ywatodd coystale o
cur in o) (orms from rubedral 10 aniedral, bt
m: growral they have 8 rubvdial outhar mith
Sghdy roundrd cowmrrs Thewe coantalbs have
compdrtcls randam arwmtation and even the
vhagacian lathy, shuch sould bt ctjacted to
16« 2a an anwaiateon with thne fong dumcnnon
paralirbog the ssrface, ralulut a random patters

termrral slatiment .
§ Many other (ragsonis or lapaili of cabir rock

85 prn ctast im the hajalls Caff, but o o tal thewe
arc saratron of thowe tsted alwone of v mun-r
constitorats  Two fragments of rhxalite por-
phyntc, a ftw small fragmcais of otwehan, and
omc fraguacat of parpdiynitic basall sere absenved,
begt breanir they ace minor comstriurnts thre

" mverall Wextursl term awest abo refvr (o the rock are oot descvited in detal.
e, that s, & lapall ar Mthee W0l

. Srerfare - & mectwmeager scabde the lapdhi

show far baration, wlich » moev pevferned NIl Ossmars

arwttation e than Berativa tveare acival
conlituor bediheg dare Dt cXish. ' 3 miive-

A

Marroscopic: ,

1. Cefor.—hark gray with a shight hrmen tist.

2 Testure. -~ Glaws, mactoncopically bolohyrziime.

3 Stricdare.—Muarive with an ovienled spligiery
fracture ivntem. Fractuzes perpendicelar to
the sphatery sysiem are comchoidal

4. Murrils. —Nowe idestiiabde.

8. Firid nome. —Olwidian. <

swopit wwal chn pevferted arwatition = Bot
sppareat .

(0 Meat's strwctsv-v.--No sppaicit m-iiw
cunte s the matns. AN partachs e o ran-

dom aricstation. aad Gatirning of ssh graiss b

et evudrat.  The vevicks, which are clhguaidal

aivd comew hat Gattoncd. do not pomens & preferred a
wirntaiion The ment impevavive featare of the
malnis saalerin) o the way the vitreoms duet
wapletels Glle th  mtentices brtuceen o

Microscopic:
1. Tertwre. —Glase madrix chaiged with glaee
ehiirds, wnicroliten, and crystallites.  The micro-

sharde, ash partich>. and lagilli. No veid sputes
e presvat in the matriz, with the cxceplion of
wmtles. (o 8 fen widdely scaltered arvas, some
bamrler ure prewee? and are vy sicailar to thee
of o wrided 1wl

(5 Pomuce Japells  troctare. —Each asbh particke

o shyfhtls flatteard againet cach adjacent grain

Houcrer. thr grain: meintain an sknast spherica)
shage and thr Gaitening cffcet dore act harr &
perfesred orientation. Liacation sithin the

Bes dre of the boagulite and belomite varietion.

The glane shards have rounded resorption bound-

anes, and e are clondy under ctaned nicele

indicating devil . Yeation. A few widely seatteeed
) grain: sleo are picveent.

2 Strurture. —The glae sharde and mierolites

show a graeral preforred orv/atation with theie
Wag dimcavion paralicd (o the splinter-fractare
patterm,  Microlite diemsity s varishle: it oreurs
i revakes aratly paraliid to the splintesfracture
sydemn.  Relic plagiorlaw lathe occur ar weal-

lnpilh w pet apgarvet tn@mdm

. s Dar e estiwphyre iewrture. —Semall erystalhtes €. Emestisl ond accrwory comstiuents ar S
of plagrwien- barr 2 subperalicl aknemsest that minerale. prrcd
» drfireted by mciodrd larper cryvlale such ae i Glase .. . o
byprrthrur or plagociesr phenecryste. A few 2. Microbter. . . »
tevptrints arvund the mentes sad some iach " d 3 Plagioclanr. A
sevickro mdieats thr . @ovet reck was of & vemcu- 4. Awmte. .. .. 3
Ine aatvisy. S. Ove minerale . 2
() Weldrd-tog lapiily steurture —(ieod haration Cran
» spyerrat W e o iird-tull lagelli vvm om o 10 Fecondary minerals: o

mwrorcepir ecale. Then docentmesws thivads of




bRegre e g i

Fioras 3.—Otnidian.  Newlagny
.\bou. hand sjmcimen: njow.

Caldrya, ting
rliotoenrcrrag i,

E Essential constitusnts.

1. Glere.—Content, 65 prrorat -index of refractoon
R=1433. Thanx i« o orvstalline forma to the
glass, but thatv arc (wo varicties pocarting in
this obwdian. matnix glavs and darker glase
shards. The glace <bards suake u§H APPEONi-
matedy 40 perevnt of the toral glac content.
The <bards Bave conchwdal boundarie~ and
rounded freatvante of matnis glass. Apgarcatly,
duning cling orthobreeciation ®a« oecrring
along witk neorton.

My minew’er — The ooy mirsrale areur a~ ‘efy
cmall sy neal giobub~.  In «oms eavs, vestigre
o facr deredopment can v wrn

o Incivagme - Nown

& Y'revptren  Noge

”»

1Y Avessse Hewvean

v Mactrcogec
L Cofec —Cream cobuvd math «ipvghe of hevws
Bmonitc in fractured regons

ENTHATLRRESTRIAL. RESOURCES

2. Termre —Iens aphanitie, with scattenrd ~mall
vesieles. Some small (3 millimetcr ar b
cryetale, protably seaidine.

X, Sirwctare —Numwtous (ractune~ with  raudom
oricatation and small (8 millinetar in dianster)
widely seattered venich«.

4. Fiddd aame —Altinnd shy oline:

. Mieroscopic:

V. Terfure.— Mt hathebajed crystals, pnn-
cpally fihdspar with come interstitial gla~ in a
matrixs of felty cryetallites and small microlites.
Seattered randocu~ore-nted erystale 01 o 0§
millimcter in diate g,

2 Nrwture.— Tl plagioclac: laths orenr w »ube
paralel duetirs, thindy imganing «ome linca-
e 10 the overall structane.  Defection of thewe
enystsl around knots of felted erv~tallite and
vesichs gives a wmiwavy pattern.  The vesickes
are oot splicrical bat are imvogular in +hape and
<ommrabatl flattend and linrd with small cryetal-
lites, which probably ane quarz.

Escentinl minerals (petecttaces are visually e

lmedamlw&mdmdmkacmxc

. Owteng,
imations): m‘:
1. Plagicclase (An;,) . 2
2. Sanidine. _ 0
lﬁmau.--.--.m . 2
4 i‘chvgmdm«anduh« . ()}
Acceswory minerals: mm
1. Pyrowens1T) microlites. .. B 1
Sceondary sinerals: ‘,'."";,":.‘}
LHmaiitcsdeday. ... ... 2

@) Incurmme—Glass s e muu material
Therefore, all mirrerals are coeatially includsd
mn the ghass.  H..cver, the ghes shards do not
contain mictlitez or other cfraliine materisl
5 Abcrefiem.—Patches and widely scattered
smalk spherical arvas appear cloudy undvs
croswd  micols  idevitriieation®. Theee arcas
ape growrally aremd miie plagiovels«e or 2 djacent
to a long fractar:.

2 Mieredites. —The mieralites are oblocg rectanghes,
in groeral, with some <howing lighily bulbogs
eads. Tie outhine are elear and sharp, and
they anc mosily of the oogalite cass.  Some of
the lamger microlites <hox  cxtinction under
envwed nienls.  The extinetion angle averages
about 35°.  If the ofientation is considered as
brizgg nodmal to the (010} the microlites would be
approsimatedy Any-.

) Inclusrme. — Nuge appannt.
b A ratrem.— Nane ajparent.
3. Plegiedass. —Mast of the plagioclase grains arv
bighly fractured and vers fex erys2al boundaric
are well defiaed. The highiv fractred matuse
and the angudarits of the cormers sugyst ortho-
brreviation and gmrtial reerption.  (Choudisg
of thr ghas adpacrat to the plagioch e graia« i«
common. Ne sharp twin planes are evident and



Fioy o 4.—Altered thyulite: occurs cast of P ., Orege
Above, hand siucitnen: blow, phxtomicrograph
A K 8

....’:n," "'.!‘ ¢ =

b Alcration.—The clondy area swrroanding the
phgiorlase fragments indicates that nsuptm

4. dagite.—Augile oceurs as ioall jemiglobular
patehes with sesvate projections iato the ghss
and microlite areas. N0 crvstal faces are piesent
and only in very widely seattesrd barge graine
is " cheavage vinible. In geoeral, the augite
occws= as grain: harger than thos of the plagio-
claw. Howmever, it ~ much more sare.

‘@ Intlasiens.—None appatent.

W _Altrration —In 2 few instances chiorite o8 a
Sgtt green coloration saroumds the awgite and
projeets a short dist.ner into the ghasey ground-
mes. In enver whete microlites are adjacent

SIMULATED LUNAR ROCKS |5

to ot augite the coloration swrrounds the
microlite.
F. Commor mincrale:

1. Plegieriase (An,,).—Thr plagioclase lathe oceur
a diserese laths in the felty groundeaas and an
geerally not wwineed. However, occasional
albite twins are prevent.  In proereid, the crystals
are poorly formed and are subbedral in cutkine.

2. Senidine.—The sanidine erystals are anbhedral
with very poor erystal developmoent. Howeves,
czecllent intetference Sgins are avsilable and
the 2V is approvimately 4° and wioy newr’y
uniatial in charactcr. Fome rmall glase shird
inclusions are present. The imegular crystals
are approximately 0.10 millimeter in diameter.

3 @Qeertz.—(riartz ocours in two phisies: O mode
very similar to that of the sanidine snd the other
o vy small erysallites partially bning small
vesichs.

\. SERPEXTISE (SEBPENTINIVEY

Macvoscopic:

1. Celer—Dark green motthed with apple grecn.

2. Festure.—Lineated with chrysotile phénoerysis
ad cumerous randomly oriented hairline frae-
tures Sled with chlosite and ore minerals.

X Sirucusy.—Mawive, with good sabparallel knea-
tion and som- mammnillary inclusions which
intevrupt linration

4. Fitld name.—Serpentine.

liscruwcopic: »

t. Texture.~The testure is typical of sevpentine.
It conmists of the typical mesh testure of antigo-
rite with Sakes of wavy fibene cheysotile
seattered at rundom. (e spplegreen Enes-
tiome seen in the hand sp.ecimen are s7cregates of
erysials comsisting of oliviae, pyramene, and
amphibole.

2. Strwcture. —Gmine s descrete eatitios dre ot
evideat exeepd im the ervstsliine veinlets, where
amphibole dominaivs with some eissisls as
largy & 0.4 millimcter in diameter. Chainlike
Nncation of the ofv minerids (maguetite and
chromite) and ako closgated manes are com-
mon. In some seetiman of the slide, especially
s the massive aatigorite regions, s poosly
develoged bastite strctwe i recogmiacd.

C. Essential minerale.—Point-count procedures 10

determine the quantitative pereeniagre of mineril

camposition off the serpentior ate in progress; the
following prveeatages are eslimates based on visal
thinvertion cxamination.

Contrnst.

P )

). Amtigoeite..... .. .. ... ... ... ..... . L

2 Chrwrotile. ... .. .. e 0

3 Oee mimerals. . . .. . 7

D. Accevary mineralk ‘m“'“
1. Eastatite. ... >

NS
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tween antigorite plates in some case.

C.

wemolite stystan are ratker scommaon and show
good erywtallinn form,

2. Ohrysatile (Ma(OH}B40).—Chrysatile erystale
bave an appareat andom ovientation with Kitle
ot no telation to veinieta or fractte patierns.
The cryitel aze iveguiar in whape sad very
facly Shrows. In some c<aem saall srystals of
tremolite: are found within the chrysatile phenor
oy,

3. Ove minerals~~Tho ote minerals (magiatite v
‘cbeomite) orcur both ae linented strimgers and
irvegular masmes, Flowerer, the Mreguive mamen
also show some hneution.  Almari all the chayss
tile crystals have some ofe minerale surtoanding
theerystal asn partial disesntiniousrim  boebie
oiun of ore miverals within the chry«otile s rure,

V1. Grisontonnns

Alacroscopie: 4
1. Celer.—Light gray to white motiled with black

Microscopic: k '

1. Tatwre—~A sumber of randomly arienied graine
are completely ¢nclosed in 2ptically contimwous
aysals of difereny composition (poililithe teke
ture). Some Gagrriike intergrowthe of quarts
are found penctrating plagiociase crystale imyi
makitic intergroathe). However, this condition
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Maders, Calif. Abave, hand specimen; below,

The erysials are smed from: Ang to Ang. How-
ever, the rims entinghich at the same time as

periciine.

(=) Lioretiow.—White mirs ¥ found as small
erystals sloug clesvage planes or ss larger exyvtals
ik the core. The bouadury betwean pligioinse
(8 Inclusione. —Eubedral sireon, eubedral snd
subbedral bictiie, anbedral or- minerals, sod
eubediral apstite.

2. Quarix (SH0)).—Crywial fades are, in general, well
develped against orthociaes, microdiine, sad
quarts but are snlodral against other mejor
minerals

(e) Advreiien.—None spparent.

(8 Inciusions.—Subbedral and éudedral biotite

sad plagiosisss, eubedril sirvon sud spatite, sub-
hedral museovite, snd anhedral opaque ore
minerdls.

3 Orikdciase (RAISKON) ~Very few aystal faces

see daveloped, bus somes sce found adjacent to
quartz grains and other K felispur.

(8} Alergbivs —3yrmelite iz tiily ecommon
sud eithet may be & repliceniént phegomenon o
msy regreiinit the Soal stages of erystallizstion.
(&) Ixclorians.—Eubedial plagiocisse besh
twinned snd soned sud suhedral pingiociese with

() Aleretien.—Myrmekite & found i some
crystals, buk it dowt oot accur sz oftex se in the
e of artitocieie.

(8) Incliusise —Eahedrsl pisgiieissé both
twitnad sod tdoed.  Quartz, biotite, sireon, and
spatite sre colubod.

5 Batie (Mg Fejru (Fe, AL THeaSirsAlriOn

Oy (OH, Py —Crydtals oteur as large graiis
with no spparent abiginal fice boundary, but
ik s difffeuit w0 deteet beesune of the excellent
clesvige parsllel to (€). Numerous elongste
graios oceur oriented witk the (002) in the plane
of the thin section. These show serrsted edges
that sre slightly bent. This eharscteristic w0
& true of the dongate erystals oear the endd
where cleavage separation i more spperent.
(@) Inclusmiens—Eubedrsl zircon, spatie, snd
are nifnersls sre common. Thers sre some
sohedrs] o minerals and rare anhedral quarta
crystals.
() Alerstisy.—Some grains are wholly sitered
to ehioeite and most show edlorite aiterntions
mﬂthed;es Sphege and epidote alsc oecur
se. alterations where biltite & in eoutset with

pligiocinee erystals.
6 Mumsrite (RAL(SHAL) Oy (0H, F)g.—The

(001) faces sre well developed, but otber faces
srenot. Ore-inineral inclusions are common sod
eezuir mont efien between the (001) cleavages.
(@) Inciussesie.—Moutly free of inebusione erept
far the above-mentioned are mimersis.

) Allerefion.—None spparmt.

Y11 Posrsyrric Ravourre Vrrmorsyas

A Masreseopie:
1. Coler-—Caray.
2 Tatsre.—Aphasitic with feldepar minvopheno-

aye.
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4 Magnetite .. ... .. ... ... ... <t
5 Hematite, eoe——m—nnnn <<
D. Minersl description.:
1. Plagiorisse (CaAlLSi;On: NsALSROW).

(e} Gemerel —The plagiockase occurs ss zoned
campaeition of the plsginclwe indicated by its
optic:[ properties i3 in the high-temperature
albite or oligoelwse runge.
(8) Cryatal develepment—>Most exystals are
eahedenl with sharp boundaries, but some are
(e} Alzeration.—None observed.
(d) Inclusions —Gluss aud erystallites are in-
eiuaded in the plsgioeluse grains.

—2 Pyrovems (Ca(Mg, Fex, AD(S§, AD ;O
(a) Geweral —The pyvoxene is Eght green in eofor
and augite in eomposition.
(%) Crystal developrvent.—The pyTosene occurs in
eubaxiral prisms, with some g@huins broken and
rounded.
(e) Alteration —A fiwrous brown resction vim (%
was noted ot one prroiene.
(d) Inclurione—Magnetite oecurt in the pyrox-
enes with some glass and erystalliten.

VI Dacrrs

A. Macroscopic:
L. Celer—Duark gray.
2. Taisre—Glasy, with feldipor micropheno-

erysts.
3. Structure. — Massive.
4 Fuld nyme.—Ducite(™.

Micrascopic:

). Texture—This rock is Aypoerystallive, with a
plagioelase microphencerysts tend to be elnstered
together in small groups. The same dacite is
bosed on the kigh percentage of sifiea and the
eompoeition of the plagiockase.

2. Stracture.—The phlagiotiase micropbegocrysts
range ip size from 0.2 to 2 millimeters ia leagth

B

B. Microscopic:
). Tezture.—This rock is hyaiine and mieroporphy-
ritié. The glamy matris & fled with aeicular

erystallites which essmct be identified Use of
Ihtﬂnﬂyuﬁmbbudmaﬁlyat&mb
of the high Si0; percemtage of rock. Tiny
vesieles oveur within the rock, and iron-stained
alteration halos sarround them:

The matrix plagioelase averages 0.05 millimeter
in length.  The pyrosene racges from 0.2100.8
millimeter in length and the few oxyborablende
tronesectiond seen are Q.2 millimeter in the
Ionger dizection.  The sagnetite ocewrs im cubes

2 Structare.—The plagioelaee micropheaoerysts s =3 o large 4 0.2 milemcter.
range f~ siz from 0.1 to 1.3 cillimeters in O thal and glaen: ¥ ”o-'.g
The pyroaecpe graine rangee from 0.2 to

pererst
1 milliméter im length, sad the magnetite graine i. Plagiocisee (micvolites) (beadorite). ... 40

from O § § 2 Glaee. ... ... ... s
c cl'lllse . 001 to 0.2 millimeter om an edge. 3 . i

- Companitiom: dosite). ... ... .. ... 15
(Visual estimates only}) O D. Accemory minerals: m.

L Glase sad evystallites.. ___.__. . . ___ %5 L Pyrozene (peeudomorph of horablends
2 Plagiotisse micrrophencerysts (sibite or after angite™ .. .. .. ______ ... s
oligocimee) ... .. .l 4 2 Magnetite. .. .. ... aaaan 3
X Pyromene (augite).._......... ........ <1} 3 Osyhornblende .. .................. <1
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Frevng 8. —Dacife; west of Bend, Oreg.  Above, hand Frevag 9. —Pumice; Newbetty Calders, Oreg.  Above,
specimen; belox, photomierograph, X 2R Rand specimen; below, photamickograpd, X B3

is macrovesicular to microvesicular. Micro-
weopic sphevulites are present, and there is &
definite Linestion to the rock imparted by the
ellipicidal shape of the spherulites and vesicles
and the flow lines. Some devitrilleation of the
glace hae taken place, and o fow feldepar crystal-
litex can be seem in the low glaver arese. The
average temicle siae i about 02 millimeter at

in éhape from lathe to blocky graine. its longent cllipee axin. The glaes e clear to
(¢} Allerelion.—Ncaé, other than cerrosion of coudy (devitrifying) with an index of refraction
microphesocrysis. of sbuwt 1.49. The spherulites make wp an
td Inclugions.—Glase and enhedral magnetite éentimaced 20 percent of the fock and the vebicles,
ecewr ae ilichmions in the micvopbencerysts sbout 40 pireent. No alterstion ether than

. itrilleation wac ctoerved.

IX. Powics el X

- : X, Vesscoran Bagsxr 2
1. Celsv.—Light tan. A Maeroseopic:

2 Testure.—FPazown, glaesy. 1. Celew —Gray.

A



Ficras 30—Vesicular bu-all 1; orenrs south of Beud,
Oitg. Above, hand sp-cimen; beloW, photomicro-
gk, X 48

the larger plagioclase erystals.

2 Pyrazeme (Ca(lg, Fer, AD(SS, ADO).

(¢) Gotieral.—The pfivaene ocours an subbedral
to enbedral graine of both matriv and micro-
phenociyit side. No rooieg or twisniry in
sppesent, ind the compesition is probadly

() Cryeinl divilopivent.—Xlost graios have good
development, with the matiix-siae
giaiss being the mere cubedinl

1¢) Abevation —Nche abserved

() Inclusions.—Seme very smal cryntallites
sxe inshedyd within the pyroxens grains.

XL Vesi.cras Ouvniss Basasr 2

i

A. Masraseepic:
1. Celer.—Datk gray to biack.
2 Testwe—V , aphaaitie.

3 Sructere.—Massive.
4. Fisid name ~\esizalar besalt.

L Tdm,;mmmbw.hp
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2. Obicine (Four-Fog).o-.-.-. ceeeiaeeoan -}

3 Pyrounna (augite). .- -0 -nevnoeo. wreamaa 1.

D. Accomory minesals ansd ghaos w

L Magnetie. e rcminraa e [

” MQW."’W"""0"'00~’.’>*'¢1»"»1:’v ‘

B Bematie. ..o ceenrinmnrrerrarana <1

Oreg. Ahan hndswm; below, photomirro.
MX“

meter in dinmeter. Some alleration of shagnetite
to hematite hae orcusred.

C. Emential minerale:

E. Mymdmwm

). Plagiecioss (CaAlSiOy; Na SOV
(e} Yeneral.—The pligiociane oceure » hithe
with polysynthetic iwinning, with componitical
ouiag appafent i wme B equnat (oldvr™
paine. The cempovition iadirated by the
Slichek-Lavy asctdod for the twinned biab: in

sbout Ang, in the Jabradorite sunge.

» M dmdepnant. —The hths are sub-
hedral with splintered, Sevoken eads. Twin
planes and intergranular bouadaries are shanm
¢y Aderation.—Nooe odeerved
(@) Inclnsions.—A few inclusions oeeur in the
plagiockare and are probebly olivine 7).

2. Otewne (Mg, Fa),Si\).
(@) Generel.~The olivine groize are indiented
t@ be in the Fou-Fo, ange.
@) Crystal devlepaent.—The graias sre rounded
to euhedral, wit\ the small graine being the mast
eubedval. Some reeption may bave aeeurved,
thereby causing the roznding of the (oldes?)
Iacger graine.
(© Alration—Nane cbesived.
() Incusiens.—A fow inchmions of wundeter-
mined compovition ceexr in the olivine grains.

3 Pyrazene (Cut Mg, Fa, A, AN,Oy.
(@) Genaval—The pyrozene is Lrown in ecclor
sad probably sagite
) Crpatel dorviopuent.—The grains forming the
vesicle walls e coogate, comewhat radiating,
sad potely developed Pyroxese oo ceccurs
im the metrix e intesstitial asd more eubedral

gruise.

(€ Aduvetion.—None cbwerved.

(d) Incinsions.—Xost magnetite oceurs as i~
dasions within the aughte.

X11. Vpgccuas Ouvise Basarr 3

A. Macroscopie:

1. Celer.—Dark geay.

2. Tatue.—\aicular, sphanitie.

3 Structwre.—Mamsive.

4. Fiddd name. —\ enicnlor basals.

B. Microscopic:
I.TM*—ﬂth-\ﬂ.

reage in six from G2 te 1.3 millimeters long
The plagiociare microliter range from Q.01 to A3
millimeter long. The chviae graios are from
001 t6 0.4 milimeter in diametey. The mag-
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aad bave o compositions) raage svenaging ubout
oodic Dytosinite.  Cavlsbad twisaing is comman,
with tome slbite twinag TR Srevin plagie-
clase dPldye albite \winaing azd s in the
Ssbradorite (Any) range: this s determined Ly
wiing the Michel-Lovy techaique

(bmmm—'!bw
are cocroded rvimnasts of vubedrel twiined
caynals, Mt they @il retain mach of thrie
aviginal suthine. The matris crystale are sub-
bedral lsthe with spliatery ends, sad arv 008

@ locesions.—Dit 80d glus are somally
WEMWWN

: the cemier o michdl: sones.
. . ‘ 2 iviar ((Mg, Ve, S0,
Ficres 12.—~Vasicelar basdlt 3: Lave Bids Nasioga) (o} General —Th: Gdivine v mostly matriz sise
Mosumen2, Calif. Above, hasd spoviowen: bedow, with & few larger graine. The compimition s
phatomaicrograph, X 4 muhh&!m«henlcifo.-l'w

A

or

lscresvepic:
1. Celer—Duesk beown, moktled.
2 fTatwe ~Mediunrgrained feldspar hes some

erieatalisn.
3 Stractivy.—~Denae, mamive.
4. Fiild nane.—Gablro.
B. Micresropie:
8 i. Taxture.—The rock hao a phaneritic, hollocrys-
talline, sabedralinterstitia) tedture. The yls-
Detite graime sre very small and average G.002 giociase laiks do mot a;enr well ariented in (hin
- - T present mt—ldn:hby sabrdvs) graine of Srrourae,
about 33 percent of the arés of the section, are pyrosene,
ovuid in shape, sad ringe from 2 to 10 milimeters ‘Mlﬂmﬁmm'&w
dral—internitial ,
ia dismets:. Some vesicle
. of the walle have 2 Structure.—The grain oiae i faisly uniform for
colioform opal Knimge. The glem, although hao
cloudy, is 80t perticalarlv altered o8 speeics plagioclese, which laths
g that average 10 to 13 millimseters long and § mil-
C. Ewential minerals éad ghise: Emecter wide but riag: from 0.3 milkimeter oog.
(Vioudd! estimates only) " The pyrestae grains range frem | 10 2 millimvtere
). Plagiochse (matriz) (abendorite, — 4% aad the clivines from 0.5 10 1.5 millimeters in
2. Oliviee fersterite (Fou-Ford).... ... ....... 2 dizmeter. Mont eliviecs show some (acipient
3 Plagioclese (misrophenocryets) (bytown- slterstion to fibreus serpentine aleng fractures
e e e e amm e o m meemm e mmmeome e 10 ond graia boxaderics. The magnetite graine vary
4 Glam. ... .. ceaaannn 20 in sise frem Q.1 W 1.3 millimeters in diametor,
D'Au-.y“: Coprst r-ﬁﬂlﬁlﬁ!ﬂﬁ'mﬂ‘
« MagDetite. .. ... cceencincnancacnnnea -] ' PR
. C. Emeatia) miserah:
1. Plegiaciase (CaANSKO,; NaAKROY. 1. Plagioclase (labendorite, Ang). - .....-.. s
(a) Generel —The microphenscrysts are soned 2 Pyrozese (pigronite).. .....c.ccccauenn 3




SDMULATED LUNAR ROCEB [+ <]

Fierix 12 —Gabiwo; eceurs north of Duluth, Miaz
3 speeimen: below, photamicrograph,
x

). Plagistiass {NaAlSKOy; CaALSKOY).

2. Pyeame (Ca¢ Mg, Fop, AD(SK, AD,OV.
(¢) Generel.—The prtcseae graias sre anhedral,

8. Microscopie:

). Tezture.~This rock i phascriue
envetaliine with & mamaic tenture.
are aabedral and equant to clongat..

2 Structure.—The largey, oere éongate griins of

abd halo-
The grains

extinctivn, end many pyroxencs sre shesred
clong chwvage directions. The rock is bighly
fractured but healed by serpeiitine. The frac-
tures are Jong, are cosely spased, and oceuz i
several directions. Thé elivine grsins range in
side frem 0.2 millimeter in dismeter to ¢ milli-
meters long ond 2 milimeters wide. The
wmmuucmm
mqhdbgﬂnm«uhhdutm
0.02 millimeter to | millimeter in diameter, and
oreure as irregular imterviliial grains.

€. Emential minerals: ,
(‘HM“S) m’
1. Olivine (forsterive} . ... ............ .. ®»
2. Orthopyroaene (emstatite).._... .. .. .. 3
D. siicerals: m
1. Spinel (chromite). . ... . oolioenels : |
2 HeTpemtiDe. oo oiiiaiaiceioniaaennn ]
S AAERetite cae o aaaieanaace o neeee <<y

E. Mineryl descriptions:
1. Olistne ((Mg, Fey",8i00.
(@ Ginerel.—~The clivine §Faine are uasooed, but
they are sirained snd show wavy extinstion.
The compasition s in the forstesite range.
(3} Crparad derilopment. —Noue, but grain beund-



even distnbutions tNwughaut the reck

(0) Crystel desviopment - Noné, but bemiadarvs
are .

(¢) Alrretion. —Neme wrpratme add wnote
ateur alwng fracturvs i the prragrne.

() Incinosame - Vet tv  epveiall: - oerur
ssnliited thrvughunt the graimms.
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APPENDIX B- CHEMICAL ANALYSES OF SIMULATED LUNAR ROCRS

Chesucai snslywes of the sitiuleted unar ncks are given in table B1

Analysen of rocki | to

V] weremode by T Ciods.  (See ref. 4. Analyses of ks VIt XEV were made by R Jeiferson.
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